Introduction
Introduction
The National High Blood Pressure Education Program Coordinating Committee of the National Heart, Lung, and Blood Institute in United States released the Seventh Report of the Joint National Committee (JNC) on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (the JNC 7 report), on May 14 th , 2003 [1] . According to this report, a systolic blood pressure (SBP) less than 120 mm Hg and diastolic blood pressure (DBP) less than 80 mm Hg was considered as normal blood pressure and a systolic BP of 120 to 139 mm Hg and/or a diastolic BP of 80 to 89 mm Hg was considered as pre-hypertension. The definition of pre-hypertension remains the same in the latest JNC-8 report published in 2014 [2] . The objective of defining this classification of blood pressure was to draw the attention of clinicians and public in the prevention of hypertension in healthy people in the pre-hypertensive range of blood pressure.
Various studies conducted in India have shown the prevalence of pre-hypertension in the age group 20-30 years to be ranging from 24.6 to 65% [3] [4] [5] [6] [7] [8] . A large proportion of pre-hypertensives have at least one cardiovascular risk factor and there is a moderate to high risk of prehypertensives progressing to hypertension [5, 9, 10] .
Coastal populations have higher risk of hypertension. The tradition of salting and drying fish increases the salt intake in these populations as the amount of salt used for fish conservation is high [11] . The high amount of salt used for salting fish can have an undesirable effect on blood pressure [12] Hence, there is a great need of detecting pre-hypertension in young adults residing in coastal area. Assessing the magnitude and the factors associated with pre-hypertension would be of great use in evidence based modification in ongoing strategies.
Objective
To assess the magnitude and factors associated with pre-hypertension among young adults (20-30 years) in coastal villages of Udupi Taluk, Udupi District, Karnataka state, India.
Methods

Ethical approval
Ethical clearance was obtained from the Institutional Ethics Committee of Kasturba Medical College, Manipal University, Manipal, Karnataka state, India (IEC 51/2012 dated 14/03/2012) and it followed the tenets of the Declaration of Helsinki. Informed written consent was taken from all the study participants for voluntary participation in local language, Kannada.
Study setting
Udupi is a coastal district of Karnataka state, India and is bound by Arabian Sea in west and Western Ghats in the east. It has a total population of 843,300 in rural areas and 334,061 in urban areas. The striking feature of the district is the high literacy rate of 86.24%, a commendable female literacy rate of 81.58% and a favorable sex ratio of 1094 females per 1,000 males. The district is divided into 3 taluks (Udupi, Kundapur and Karkala). Taluk is an area of land with a city or town that serves as its administrative centre and usually a number of villages. The present study was conducted in Udupi taluk of the Udupi district. The major occupation of men folk is agriculture and fishing, while the women folk work in paddy fields, sell fish and roll beedis (cigarette filled with tobacco flake and wrapped in a leaf). Medical facilities are available within 5 to 10 km radius in the villages. Health services are provided through a network of Primary Health Centres, Community Health Centres and also District hospital. The coastal area of Udupi taluk consists of 14 villages with a population of 47,817 living in 8,684 families.
Study design and sample
A community based cross-sectional study was conducted in, Udupi taluk, Udupi district, Karnataka, India from Oct 2011-Oct 2013. We selected 6 coastal villages for the study by simple random sampling. The total population of the young adults (20-30 years) in selected 6 villages was 9546 (males: 4566 and females: 4980).
Sample size was estimated using Epi Info™ 7.1.5 software. Based on the reported pre-hypertension prevalence of 25.63% (~26%) among 18-30 year age group by Bharadwaj R et al [8] , a population size of 9546, a design effect of 2 and an expected response rate of 80%, the study required a sample size of 1102 for estimating the expected proportion with 4% absolute precision and 95% confidence.
Inclusion and exclusion criteria. Young adults in the age group of 20-30 years were included. Known hypertensive (both primary and secondary) already on treatment for hypertension, pregnant women, and those not consenting for voluntary participation were excluded from the study.
Sampling. Required numbers of young adults were selected by stratified sampling with proportional allocation. Stratification was based on the locality and gender. The first author went to the centre of the locality and the nearest house was taken as the first house for the study in that locality. He then moved in one particular direction and covered all the houses till he achieved the required sample for the locality. At the house, all the members satisfying the inclusion criteria were considered eligible for the study.
Study tool.
A semi structured pre-tested questionnaire [S1 File] was administered to the subjects after obtaining their consent. The questionnaire comprised of details on socio-demographic variables, dietary habits, tobacco use, alcohol consumption, physical activity, family history of hypertension and stress levels. Anthropometric measurements and blood pressure were recorded. Total Serum Cholesterol was measured for a randomly selected sub sample of 30% population which included equal number of pre-hypertensives and normotensives. During the initial part of the study, all the individuals who were found to be pre-hypertensives and normotensives were informed about the serum total cholesterol estimation and if they consented for the test, blood sample was collected till the required sample size was achieved.
Family structure was categorized as nuclear (consisting of a couple and/or their dependent children), joint (a number of married couples and their children where all men are related by blood, who live under one roof, eat from common kitchen, hold property in common, and participate in common family worship) or three generation (grandparents, parents and children) [13] . Socio-economic status was assessed based on the modified version of Uday Parikh scale for rural areas in India [14] . Occupation was stratified as professional, white collared job, skilled worker, semiskilled worker, unskilled worker, housewife, student and unemployed [S2 File]. Literacy status was classified as literate (if she can read and write with understanding in any language) or illiterate (can neither read nor write or can read but cannot write in any language) and literacy level was the highest level of education completed (Census India 2011) [15] .
Dietary habits: Subjects were asked whether they consume a vegetarian or mixed diet and the frequency of intake was assessed. Mutton, pork, beef were grouped as red meat. Butter and fried items were grouped as fatty food. Pickle, papadom (a large disc of unleavened spiced bread made from ground lentils fried in oil), dried fish, chips were grouped as salty foods. Green leafy vegetables, fruits and juice were grouped as protective foods. Frequency of intake of these were categorized as either daily (or 4-7 times per week), 2-3 times per week or occasionally (less frequently than once a week). Tea and coffee were grouped as beverages. Frequency was categorized as either once daily, twice daily or thrice daily.
Weight was measured to the nearest 100 gms, in light clothing, using a standard weighing machine after correcting the zero error. Height was measured to the nearest 0.5 cm with the person standing upright against the wall with heels together and touching the wall, and the head held in upright position. Body mass Index was computed as kilogram of body weight per meter square height (kg/m 2 ). Physical activity, smoking and alcohol consumption was recorded using standard questionnaires [16] [17] [18] [19] . Family history of hypertension was recorded. Stress levels were measured using a perceived stress scale [20] . The following procedure was used to record the blood pressure [21] : Participant was asked to seat comfortably, with back supported, legs uncrossed, and upper arm bared. His/her arm was supported at heart level. Cuff bladder, encircling 80% or more of the arm circumference, was tied over the right arm. First, the systolic blood pressure was estimated by palpatory method and then systolic and diastolic pressures by auscultatory method. The first and last audible sounds were recorded as systolic and diastolic pressure, respectively. Measurements were given to the nearest 2 mm Hg. Two readings were taken at least 10 minutes apart and average of 2 readings was considered. Participants were classified as per the JNC-7 classification [1] . All the blood pressure measurements were recorded by the first author (SK) to avoid the inter-observer variation.
Serum cholesterol was estimated in a sub-sample of the pre-hypertensives randomly identified from the survey and an equal number of age and gender matched normotensives. Subjects were asked to be nil per oral for at least 10 hours before drawing the sample. A visit to the subject's house was made by SK early in the morning on the day of sample collection. Three ml of blood was drawn under aseptic precautions from the subject by the investigator. It was collected in a vacutainer and was sent immediately to Biochemistry laboratory of Kasturba Medical College, Manipal. Cholesterol estimation was based on oxidase-peroxidase method by cobas 1 6000 analyzer series (Roche Diagnostics International Ltd, Switzerland) autoanalyser.
Total cholesterol values were classified as per adult treatment panel (ATP) guidelines [22] .
Statistical analysis
Data was analyzed using Statistical Package for the Social Sciences (SPSS) for Windows, Version 16.0. Chicago, SPSS Inc. Results were expressed as frequencies and proportions for categorical variables and mean and standard deviations for continuous variables. Univariate analysis was done using chi square test and the strength of association was reported as Odds ratio (OR) with 95% confidence interval (CI). Multiple logistic regression was applied to study the independent association of risk factors and reported as adjusted OR with 95% CI. A two sided p<0.05 was considered as statistically significant.
Results
A total of 1152 eligible young adults in the age group of 20-30 years were approached and all of them participated in the study (response rate: 100%). Table 1 shows the key socio-demographic parameters of the study population. Young adults aged from 25-30 years (n = 636, 55.2%), never married (n = 738, 64%) and those following the Hindu religion (n = 100, 86.9%) constituted more than half of study the population. Literacy rate was 98.3% (n = 1132) and joint and nuclear family systems were in vogue. As many as 63.2% (n = 728) were having moderate to heavy stress on perceived stress scale. The prevalence of pre-hypertension and hypertension among them were 45.2% (n = 521, 95% CI: 42.4-48.1%) and 3% (n = 35, 95% CI: 2.2-4.2%), respectively. Univariate analysis of demographic correlates of pre-hypertension and normotension revealed that males in the age group of 25-30 years had 6.45 times higher likelihood of being pre-hypertensives as compared to females in the same age group. However, in the age group of 20-24 years the prevalence of pre-hypertension among males and females was almost equal (50%) [ Table 2 ]. The proportion of prehypertensives was higher in the age group of 25-30 years (68.1%) as compared to the subjects in the age group of 20-24 years with a 3 times higher likelihood of being prehypertensives (OR:2.89, 95% CI:2.26-3.7). Among the prehypertensives there were a higher proportion of males (58.5%) as compared to females (OR:2.39, 95% CI:1.83-3.04). Among males, the proportion of prehypertensives in the age group of 25-30 years was significantly higher as compared to the age group of 20-24 years (OR:8.69, 95% CI:5.82-12.97, p<0.001), while in females this association was not found to be significant. Table 2 shows a very strong association between personal habits and pre-hypertension. Among those who gave a history of smoking, 50 were current smokers and two were exsmokers. The median duration of smoking among smokers was 4 years [Inter Quartile Range (IQR): 2, 5.5]. There was a higher proportion of smokers among the prehypertensives (7.7%) as compared to normotensives (7.7% vs. 2.0%, p<0.001), with a four times higher likelihood of prehypertensives being smokers as compared to normotensives (OR = 4.04; 95% CI: 2.1-7.80).
Similar observations were made with respect to consumption of other forms of tobacco. The proportion of subjects who consumed other forms of tobacco was observed to be higher among prehypertensives (9.0%) as compared to normotensives (3.2%), (P<0.001) with an OR of 3.01 (95% CI = 1.74, 5.20). Study subjects giving a history of alcohol consumption were all current consumers. Consumption of alcohol was found to be significantly higher (15.4%) among prehypertensives as compared to normotensives (4.4%), (p<0.001) with an OR of 3.97 (2.51, 6.29). For the ever consumers the median duration of usage was 5 years [IQR = (2, 5)].
As shown in Table 3 , BMI and waist circumference showed a significant association with pre-hypertension. The risk of pre-hypertension increased with increasing levels of BMI and this trend was statistically significant. The preobese and obese category was 2.24 times and 5.74 times more likely to be prehypertensive as compared to normal category. The underweight category had a protective effect on pre-hypertension. Among the normotensives mean BMI (kg/ m2) was 20.63±3.15 and among prehypertensives it was 22.2±3.95. A mean difference of 1.57 (95% CI: 1.15-1.99) was found to be statistically significant. Central obesity as measured by waist circumference was significantly associated with pre-hypertension and prehypertensives had a 3.7 times more likelihood of having central obesity as compared to normotensives. Truncal obesity was present in 24% of the prehypertensives and 19.1% normotensives thus showing 1.33 times higher likelihood of truncal obesity among prehypertensives. It was observed that the type of cooking oil consumed did not have any effect on pre-hypertension. The type of diet also had no bearing on the risk of pre-hypertension. Among various type of food items, consumption of salty foods and addition of extra salt in meals was significantly associated with pre-hypertension (p<0.001). It was also found that increased frequency of salty food intake was significantly associated with increased risk of pre-hypertension. A 20 times higher likelihood of being prehypertensive was observed among daily consumers of salty food (OR:20.54, 95% CI:10.52-40.09). Similarly those who consumed salty food 2-3 times per week had 8 times higher likelihood and those who consumed occasionally had 6 times higher likelihood of being prehypertensive as compared to non-consumers. As shown in Table 4 , physical activity did not show any association with pre-hypertension. Moderate to heavy stress was seen to have statistically significant association with pre-hypertension with an OR of 5.23 (95% CI:3.94-6.93). The proportion of prehypertensives with a family history of hypertension was significantly higher than normotensives (OR:1.36, 95% CI:1.05-1.77).
It was observed that the borderline total cholesterol category (200-240 mg/dl) comprised a higher proportion of prehypertensives as compared to normotensives and the borderline category had twice the likelihood of being prehypertensives as compared to normal levels of cholesterol (OR:2.24, 95% CI:1.3-3.85). Even the high total cholesterol (>240mg/dl) category showed a higher risk of pre-hypertension but results were not statistically significant. The mean levels of total cholesterol (mg/dl) were higher among prehypertensives 183.34±31.20, as compared to normotensives who had a mean of 174.41±29.44 (p = 0.06). The mean difference was found to be 8.93 (95% CI: 2.5-15.37). Multivariate logistic regression analysis revealed that age group of 25-30 years, white collared and skilled occupation, students, refined cooking oil, extra salt in meals, salty food items, preobese and obese were significant correlates of pre-hypertension.
Discussion
Main findings
In the study population, prevalence of pre-hypertension among young adults (20-30 years) was high (45.2%; 95% CI: 42.4-48.1%). Biological (age group of 25-30 years, pre-obesity and obesity) and behavioral (sedentary occupation, intake of extra salt in meals and salty food) factors were associated with pre-hypertension.
Interpretation
The prevalence of pre-hypertension in the study population was 45.2% (95% CI = 42.4, 48.0). The results are consistent with a study done by Vimala et al [23] in Kerala where the prevalence of pre-hypertension was 52.52% in the age group of 18-30 years. Since the life style factors like dietary habits and socio-demographic factors are almost similar in coastal Karnataka and Kerala, the proximity of the results can be justified.
Similar to the present study, most of the studies have reported a higher prevalence of prehypertension among males than females. Mungreiphy NK et al [6] conducted a study among 360 young adults in the age group of 20 to 30 years in three different places in India (Delhi, Manipur and Kerala) and found the prevalence of pre-hypertension among males to be higher at around 54% and in females at around 10%. In the present study the risk of pre-hypertension increased with increasing levels of BMI and this trend was statistically significant. Results are similar to a study done by Singh RB et al [24] wherein they found out the mean BMI (kg/m 2 ) among pre-hypertensive women as 22.6 ± 2.3 and normotensive women as 20.1 ± 2.5. Among men the mean BMI was 22.6 ± 3.1 and among normotensive men it was 20.2 ± 2.5.
In the present study the type of diet (veg vs. non-veg) had no bearing on pre-hypertension whereas, 20 times higher likelihood of being prehypertensive was observed among daily consumers of salty food (OR: 20.54, 95% CI:10.52-40.1). Ray S et al [25] in their study found a significant difference in the consumption of non-vegetarian foods among prehypertensives (25.7%) and normotensives (4.7%), p<0.001. It was also found that proportion of subjects consuming extra salt in meals, consuming salty food like pickle, consuming ghee/butter were significantly higher among prehypertensives (33%, 31.7% and 59.1%) as compared to normotensives (7.2%, 10.2% and 14.1%). In the present study, the proportion of prehypertensives with a family history of hypertension was significantly higher than normotensives (OR:1.36, 95% CI:1.05-1.77). A study conducted by Al-Majed et al [26] revealed that the proportion of subjects with a family history of hypertension was significantly higher among prehypertensives (42.6%) as compared to normotensives (40.0%).
In the present study on multivariate logistic regression analysis age group of 25-30 years, white collared and skilled occupation, students, refined cooking oil, extra salt in meals, salty food items, pre-obese and obese were found to be significant correlates of pre-hypertension. Gupta et al [7] in their study found that on multivariate logistic regression analysis high dietary fat (20 g/day), low fruits and vegetables intake, overweight/obesity, central obesity, high cholesterol, Metabolic syndrome (ATP-III defined) as significant risk factors for pre-hypertension.
To address the rising burden non-communicable diseases, government of India has launched National Programme for Prevention and Control of Diabetes, Cardiovascular Diseases and Stroke (NPDCS) in 2008 on pilot basis [27] . It envisages 'opportunistic' community based screening for hypertension among >30 years old at grass root level by auxiliary nurse midwife. However, in the coastal populace of Udupi district, screening should begin at the age of 20 years to identify the high risk group and plan apt interventions.
Limitation
The dietary intake was measured only in terms of frequency and not the quantity. The serum cholesterol estimation was done only in a sub sample of study population because of lack of funds. Associations between study variables may not imply causality owing to cross-sectional study design.
Conclusion
The prevalence of pre-hypertension in young adults was 45.2%. The risk factors found to be strongly associated with pre-hypertension were age group of 25-30 years, intake of extra salt in meals, salty food intake, pre-obesity, and obesity. Screening strategies for pre-hypertension should be initiated at an early age in the community. The importance of lifestyle modifications with respect to personal habits, dietary habits, physical exercise, and relaxation techniques needs to be impressed upon young adults in the community. 
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